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ABSTRACT 

The stock composition of the 1984 sockeye salmon (Oncorhynchus nerka) run 
to  the Chignik lakes,  Alaska was estimated using scale patterns and l inear  
discriminant function analysis .  Scale samples col lected in Chigni k Lagoon 
were used to  estimate the age and stock composition of the commercial catch 
and dai ly  escapements. The stock composition of the 1.3 and 2.3 age groups 
was monitored throughout the period of t rans i t ion  from Black Lake stock t o  
Chigni k Lake stock ( 5  June t o  24 Ju ly) .  Mean c lass i f ica t ion  accuracies of 
the age-specific l inear  discriminant functions for  the 1.3 and 2.3 age 
groups were 84% and 82%, respectively. The to ta l  return of sockeye salmon 
t o  the Chignik lakes in 1984 was 3,992,875 f i s h ,  which was the largest  
return since 1947 and the third largest  ever recorded. The estimated escape- 
ment and comnercial catch t o t a l s  for  each stock were: Black Lake, 597,712 
escapement, 2,621,304 catch, and 3,219,016 to ta l  run; and Chignik Lake, 
268,496 escapement, 505,363 catch, and 773,859 to ta l  run. The Black Lake 
run was the second la rges t  ever recorded. 

K E Y  WORDS: sockeye salmon, Oncorhynchus nerka, stock composition, analysis 
of scale pat terns ,  Chigni k Lake, Black Lake, catch, escapement. 



INTRODUCTION 

The Chignik lakes watershed i s  274 km southwest of Kodiak Island on the south 
s ide of the Alaska Peninsula. The major features  of the watershed are  two 
large,  interconnected lakes, Black Lake and Chignik Lake, with a s ingle  out- 
l e t  r iver  which empties into a nearly enclosed estuary, Chignik Lagoon (Fig- 
ure 1 ) .  There a re  two major sockeye salmon (Oncorhynchus nerka Waf baum) 
stocks in the Chigni k system. The stocks spawn in  d i f fe rent  areas of the 
system and have a d i f fe rent  time of spawning migration, length of freshwater 
residence as juveniles, and age a t  maturi t y  (Higgins 1934; Narver 1963). 
The majority of the returning adults of one stock pass through the f ishery 
in June and spawn in the t r ibu ta r i e s  t o  Black Lake (Black Lake stock).  
Adults from the other stock enter the f ishery in l a t e  June and continue 
unt i l  l a t e  September with the period of peak abundance usually occurring 
during the th i rd  week of July.  The adul ts  from t h i s  stock spawn in the 
t r ibu ta r i e s  to  Chignik Lake, Chignik Lake beach areas,  and Black River t r i b -  
u ta r ies  (Chi gni k Lake s tock) .  

Narver (1 966) and Dahl berg (1 968) independently estimated the optimum escape- 
ment goals for  the Chignik sockeye salmon stocks as 400,000 f ish for  Black 
Lake and 200,000 f i sh  fo r  Chignik Lake. The sockeye salmon run to  Chignik 
has been managed to ensure tha t  these escapement goals a re  met since 1966. 
The effectiveness of t h i s  management s t rategy i s  evident from the increases 
i n  the Chignik runs during the l a s t  30 years (Figure 2 ) .  For the three most 
recent ten-year periods, the average total  annual returns are:  

1954-1 963 0.89 million; 
1964- 1973 1.35 mill ion; 
1 974- 1 983 2.16 million. 

Although the periods of peak passage of the Chignik sockeye salmon stocks 
a re  usually between two and four weeks apar t ,  enumerating the catch and 
escapement of each stock i s  complicated because there i s  a period of over- 
lap, from about mid-June t o  mid-July, when both stocks pass through the 
fishery and enter the escapement. Inseason estimates of the numbers of 
each stock in the dai ly  escapements a re  required to  manage the run for  optimum 
escapements. Post-season estimates of the to ta l  catch and escapement of each 
stock, and the age composition of each of these components, a re  needed to  
compile brood-year tables and to  forecast  the return by stock in subsequent 
years. 

Dahl berg (7968) developed the f i r s t  technique fo r  separating the two stocks 
in the catch and escapement using data from tagging experiments conducted 
from 1962-1966. The proportion of each stock present on each day of the run 
was estimated by f i t t i n g  a log i s t i c  curve to  a yea r ' s  tagging data. These 
curves are  usually referred to  as time-of-entry (TOE) curves. A TOE curve 
calculated from the 1962-1 969 tagging experiments was used to  estimate the 
stock composition of the Chignik sockeye salmon runs for  the years 1970-1977. 

Conrad (1984a) developed an a l te rna te  method for  estimating the stock compo- 
s i t i o n  of the Chignik sockeye salmon run using scale  patterns and l inear  d is -  







c r i r n i nan t  f u n c t i o n  a n a l y s i s .  Th is  method es t ima tes  t h e  s t o c k  compos i t ion  of 
t h e  r u n  u s i n g  s c a l e  da ta  c o l l e c t e d  t h roughou t  t h e  main p o r t i o n  of  t h e  run .  
The Ch ign i  k  sockeye salmon runs  f rom 1978-1953 were analysed w i t h  t h i s  p ro -  
cedure (Conrad 1984a, 1984b), and an inseason a p p l i c a t i o n  o f  t h e  techn ique  
was eva 1  ua t e d  (Conrad 1984a).  

T h i s  r e p o r t  p resen ts  t h e  r e s u l t s  o f  t h e  post-season s c a l e  p a t t e r n  a n a l y s i s  
of  t h e  1984 sockeye salmon r u n  t o  Ch ign ik .  Bas i c  r u n  s t a t i s t i c s  and t h e  
r e s u l t s  o f  t h e  i n t e r m e d i a t e  s teps  o f  t h e  s c a l e  p a t t e r n  a n a l y s i s  method o f  
s e p a r a t i n g  t h e  s tocks  a r e  g iven .  Es t imates  o f  t h e  numbers o f  f i s h  f rom each 
s tock  i n  t h e  c a t c h  and escapement, and t h e  age compos i t ion  of each component, 
a r e  presented.  

METHODS 

D a i l v  Abundance i n  Ch ian i  k Laaoon 

The Ch ign i k  management area i s  d i v i d e d  i n t o  f o u r  management d i s t r i c t s .  For  
t h i s  r e p o r t  t h e  Cen t ra l  D i s t r i c t  i s  d i v i d e d  i n t o  two sma l l e r  s u b - d i s t r i c t s ,  
Hook B a y / K u j u l i k  and Aniakchak ( F i g u r e  3 ) .  Commercial f i s h i n g  i n  t h e  Chig- 
n i k  management area i s  e x c l u s i v e l y  by purse  se ine .  The d a i l y  sockeye salmon 
c a t c h  i n  each d i s t r i c t  o r  s u b - d i s t r i c t  i s  summarized f rom f i s h  t i c k e t  i n f o r m -  
a t i o n  f r om t h e  salmon processors.  T r a d i t i o n a l l y ,  80% o f  t h e  sockeye salmon 
caught b y  t h e  Cape Igvak  purse  se ine  f i s h e r y  have been a l l o c a t e d  t o  t h e  Chig- 
n i k  r u n  and t h a t  procedure i s  f o l l owed  f o r  t h i s  r e p o r t .  A l though sockeye 
salmon catches i n  t h e  Stepovak/Balboa area southwest o f  Ch ign i k  a r e  thought  
t o  be p r i m a r i l y  of Ch ign i k  o r i g i n ,  t h e y  a r e  n o t  i n c l u d e d  i n  t h i s  r e p o r t  
because o f  t h e  l a c k  o f  s u f f i c i e n t  h i s t o r i c a l  da ta  t o  e s t i m a t e  t h e  Ch ign i k  
c o n t r i b u t i o n  (app rox ima te l y  539,000 sockeye salmon were harves ted  i n  t h e  
Stepov a  k /Bal  boa area i n  1  984).  

The Alaska Department of F i s h  and Game opera tes  a  w e i r  on Ch ign i k  R i v e r  t o  
enumerate t h e  sockeye salmon escapement ( F i g u r e  1  ) .  The escapement i s  e s t i -  
mated f r om two ten-minu te  counts  made d u r i n g  each hour  t h e  w e i r  i s  open. 
The w e i r  was removed on 6 August and t he  escapements a f t e r  t h i s  d a t e  were 
es t ima ted  u s i n g  c a t c h  i n f o r m a t i  on and abundance r e l a t i o n s h i p s  from t h e  pe r -  
i o d  p r i o r  t o  w e i r  removal (B.A. Johnson, persona l  communi c a t i o n ) .  

The s c a l e  samples used t o  e s t i m a t e  t h e  age and s tock  compos i t ion  o f  t h e  Chig- 
n i k  r u n  were c o l l e c t e d  from boa ts  f i s h i n g  i n  t he  immediate Ch ign i k  Lagoon 
area. The commercial c a t c h  i n  areas o u t s i d e  o f  Ch ign i k  Lagoon and t h e  escape- 
ment t o  Ch ign i k  R i v e r  were a d j u s t e d  t o  c o i n c i d e  w i t h  t h e  d a i l y  c a t c h  i n  t h e  
Lagoon be fo re  a p p l y i n g  t h e  age and s tock  compos i t ion  es t ima tes .  The f o l l o w -  
i n g  m i g r a t i o n  t imes  from t h e  o u t s i d e  areas were assumed; Hook Bay /Ku ju l i  k, 
1 day; Aniakchak, 2 days; Western, 2 days; Eastern,  3  days; P e r r y v i l l e ,  3 
days; and Cape Igvak ,  5 days (Conrad 1984a). A one-day m i g r a t i o n  t i m e  f r om 
Ch ign i  k  Lagoon t o  t he  w e i r  was used t o  a d j u s t  t h e  escapement es t imates .  To 
e s t i m a t e  t h e  t o t a l  d a i l y  r u n  abundance, each escapement e s t i m a t e  and ca t ch  
from an o u t s i d e  a rea  was a d j u s t e d  t o  c o i n c i d e  w i t h  a  Ch ign i k  Lagoon d a t e  and 
t hen  summed f o r  each day o f  t h e  run .  



Figure 3. The Chignik area fishing districts and the modifications made 
f o r  this report. 



Age Compos i t i  on 

Scale samples needed to monitor the age and stock composition of the run 
were periodically collected in Chignik Lagoon throughout June, July,  August, 
and early September. During June and July samples were collected about every 
f ive  t o  seven days. This i s  the period when the predominant stock in the 
r u n  changes from Black Lake to  Chignik Lake. Scale samples were collected 
from the catches made by two or three boats as they delivered to  tenders in 
Chignik Lagoon. If the f ishery was closed and scale  samples were needed, a 
boat was chartered and two or three areas of the Lagoon were sampled. 

Approximately 600 scales were collected during each sampling session in June 
and July. About 300 scales were collected during each sampling session in 
August and September. The preferred scale  (Clut ter  and Whi tesel 1956), or 
a scale near i t ,  was removed from the l e f t  s ide of each f i sh  sampled. Each 
scale  was mounted on a gummed card, and the sex and mideye-to-fork-of-tail 
length of the f i sh  was recorded. A permanent impression of each gummed card 
was l a t e r  made in cel lulose acetate.  

Scale samples representing the Black Lake spawners were collected with a 
beach seine a t  the ou t l e t  of Black Lake (Figure 1 )  during f ive  sampling 
sessions in June and ear ly July. Scales were processed following the same 
procedures used for  the catch samples. 

Scale images were projected a t  82X on a microfiche reader to  determine the 
age of each f i sh  sampled. The to ta l  catch or  escapement on each day of the 
run (adjusted to  Chigni k Lagoon date)  was a1 located by age class  using the 
dai ly  age composition estimates. The age composition of the r u n  on days 
between sampling dates was estimated by l inear  interpolation. 

Stock Composition 

Linear discriminant function ( L D F )  analysis (Fisher 1936) and measurements 
made in the lacustr ine zone of the scales  were used t o  estimate the stock 
composition of the Chignik sockeye salmon r u n .  Scale impressions were pro- 
jected a t  210X and detailed measurements of the lacustr ine zone were made 
using a microcomputer controlled d ig i t iz ing  system. For each lacustr ine 
annular zone, the to ta l  number of circul i in the zone, the total  width of 
the zone, and the distance from the scale  focus to  each circulus in the 
annular zone were recorded. The number of circul i of lacustr ine plus growth 
(Mosher 1969) and the width of the zone of lacustr ine plus growth were 
recorded, a lso.  The scale  characters examined for  the LDF analysis included 
those measured d i rec t ly  from each scale and combinations of these characters 
(Conrad 1984a). 

Scale samples representative of the Black Lake and Chignik Lake stocks (s tan-  
dards) were constructed fo r  the 1.3l  and 2.3 age groups. Scales fo r  the 
Chignik Lake standards were randomly selected from the samples collected in 

European formula: number of freshwater annuli , decimal point, number of 
marine annuli. The to ta l  age i s  the sum of these two numbers plus one. 



Chignik Lagoon a f t e r  24 July. Scales fo r  the Black Lake standards were ran- 
domly selected from the samples collected by beach seining a t  the out le t  of 
Black Lake. A subset of approximately 25 scale measurement characters was 
selected for  each analysis from the i n i t i a l  s e t  of more than 80 scale  charac- 
t e r s .  The scale characters selected had e i ther  a large F - s t a t i s t i c  or were 
negatively correlated with a character having a large F - s t a t i s t i c .  Variables 
selected f o r  a l inear  discriminant function anslysis  using these c r i t e r i a  
usually contain a subset which will give the "best" LDF (Cochran 1964). 
Scale characters to  be included in each age-specific L D F  were selected by 
a stepwise procedure using the part ia l  F - s t a t i s t i c  as the c r i te r ion  f o r  vari - 
able entry/removal into the model (Enslein e t  a l .  1977). A nearly unbiased 
estimate of the c lass i f ica t ion  accuracy of each age-specific LDF was deter- 
mined using a 1 eavi ng-one-out procedure (Lachenbruch 1967). 

Scale samples collected in Chigni k Lagoon during the period of t rans i t ion  
(5  June t o  24 Ju ly)  were used to estimate the proportion of each stock in 
the catch. A maximum of 100 scales were measured fo r  each age class  on a 
sample date. If l ess  than 25 scales for  an age class  were available,  that  
age c lass  was omitted fo r  tha t  sample date. For each age c lass ,  the appro- 
pr ia te  LDF was used to  c lass i fy  the scales of unknown stock composition. 
The estimates of the proportion of Black Lake and Chignik Lake stocks pre- 
sent on a sample date for  an age class  were adjusted by the procedure of 
Cook and Lord (1978), and the variance of each adjusted stock composition 
estimate calculated (Pel l a  and Robertson 1979). The adjusted stock composi - 
tion estimates f o r  each age class  were then smoothed by a moving average of 
three sample dates (Conrad 1984a) to reduce the e f fec ts  of any bias from 
unrepresentative sampling in the Lagoon. Prior to  smoothing, i t  was assumed 
tha t  100% of the run on  23 May was of Black Lake origin and 100% of the r u n  
on 31 July and l a t e r  was of Chignik Lake origin.  The stock composition on 
days between sampling dates was estimated by l inear  interpolation of the 
smoothed estimates. 

Catch and Esca~ement bv  Stock 

Catch and escapement by age class  fo r  each stock was estimated fo r  each day 
of the r u n  as the product of the smoothed age-specific stock composition 
estimate and the estimate of the numbers of f i sh  in the age c lass .  The aver- 
age of the available stock composition estimates was used fo r  those age 
classes which had no  age-specific estimates. The dai ly  estimates of  total  
abundance by stock were used to  calculate  the mean date and variance of the 
migration (Mundy 1982). Seasonal estimates of catch and escapement by stock 
were the sum of the dai ly  estimates. 

RESULTS 

Da i 1 y Abundance 

The to ta l  sockeye salmon return (escapement plus catch) to  Chigni k in 1984 
was 3,992,875 f i sh .  This i s  the largest  to ta l  return since 1947 and the 
third largest  ever recorded. In three of the l a s t  four years,  the total  
return has exceeded a l l  previous returns since t h e  his tor ical  record return 



of more than 5 . 8 m i l l i o n  f i s h  in  1947. For the period 1981 t o  1984, the  t o t a l  
annual sockeye salmon re turn  t o  the Chignik lakes averaged about 3.1 mi l l ion 
f i s h .  

The estimated escapement of sockeye salmon was 866,208 f i sh  and the catch was 
3,126,667 f i s h  (Appendix Table 1 ) .  More than 77% of the  commercial catch 
occurred in the  Chigni k Lagoon and Hook Bay/Kujulik areas .  Typically the re  
a r e  two d i s t i n c t  periods of l a rge  da i l y  abundances i n  the  Chignik sockeye 
salmon run, one in June and one in July .  In 1984, the ea r ly -a r r iv ing  Black 
Lake stock was much more abundant than the  l a t e - a r r i v ing  Chignik Lake s tock.  
There were two d i s t i n c t  peaks in the da i l y  abundance in  June,  the  f i r s t  on 7 
June (242,180 f i s h )  and the  second on 14 June (199,873 f i s h )  (Figure 4 ) .  The 
da i l y  abundance es t imates  exceeded 100,000 f i s h  on 14 consecutive days from 9 
June t o  22 June. The estimated da i l y  abundance declined rapidly  in l a t e  June 
and a f t e r  28 June t he r e  were only two days with an abundance of more than 
50,000 sockeye salmon. The peak d a i l y  abundance a f t e r  1 Ju ly  was 55,711 f i s h  
on 14 Ju ly .  

Aae Comuosi t ion  

Thirteen separa te  s ca l e  samples were co l l ec ted  i n  Chignik Lagoon between 5 
June and 3 September (Appendix Table 2 ) .  Sampling was evenly d i s t r i bu t ed  
throughout the periods of peak da i l y  abundance in June and Ju ly .  Age 1 .3  
f i s h  were the  most abundant age group i n  the  catch during June (Figure 5 ) .  
The abundance of the 1 .3  age group declined rapidly  i n  e a r l y  Ju ly  as  the 
abundance of the  2.3 age group increased. Fish aged 2.3 were the  most abun- 
dant age group i n  the catch from 12 Ju ly  un t i l  t h e  l a s t  sample on 3 September. 
The l a r g e s t  contr ibut ion of an age group other  than 1 .3  o r  2.3 were 15.9% by 
the  2.2 age group on 3 September. 

The 1.3 and 2.3 age groups represented more than 90% of the  f i s h  in the  t o t a l  
catch and escapement. There were 524,447 (60.5%) f i s h  aged 1 .3  and 270,709 
(31 -3%)  f i s h  aged 2.3 in the  escapement (Appendix Table 3 ) .  In the catch,  
t he  estimated contr ibut ions  of t h e  1 . 3  and 2.3 age groups were 2,503,385 (80.1%) 
f i s h  and 373,375 (11.9%) f i s h ,  r espec t ive ly  (Appendix Table 4 ) .  

The decl ine  i n  abundance of age 1-freshwater adu l t s  during the  season, para l -  
l e l ed  by an increase  in  abundance of age 2-freshwater adu l t s ,  i s cons i s ten t  
with pas t  observations of the Chigni k r u n  (Conrad 1984a). The majori ty of 
t he  ea r ly  a r r i v ing  segment of the r u n  cons i s t s  of Black Lake stock which pro- 
duces primari ly age 1-freshwater sockeye salmon, and the  l a t e r  a r r iv ing  seg- 
ment ~f the r u n  cons i s t s  mostly of Chignik Lake stock which produces the  
majori t y  of the  age 2-freshwater f i s h .  

Scale samples were col lec ted a t  Black Lake o u t l e t  on f i v e  separate  occasions 
between 15 June and 94 Ju ly  (Appendix Table 5 ) .  Fish aged 1 .3  were the  pre- 
dominant age group in  these  samples accounting f o r  87.8% of the  s ca l e s  col-  
l ec ted .  The 2.3 and 1.2 age groups were the next most abundant with con t r i -  
butions of 6.1% and 3.5%, respect ively .  
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Stock Composition 

Mean c l a s s i f i c a t i o n  accuracies of the  l i n e a r  discriminant functions f o r  the  
1 .3  and 2.3 age groups a r e  84.3% and 81.8%, respect ively  (Table 1 ) .  The 
accuracy f o r  the  1 . 3  age group was the highest  ever achieved. Scale samples 
of unknown stock composition co l lec ted  in Chignik Lagoon between 5 June and 
24 July  were c l a s s i f i e d  using the appropr ia te  age-specif ic LDF.  The adjus ted 
stock composition es t imates ,  the  smoothed es t imates ,  and t h e i r  standard e r r o r s  
a r e  presented f o r  each age group in Tables 2 and 3. The stock composition of 
the  2.3 age group could not be estimated p r i o r  t o  20 June because the re  were 
not s u f f i c i e n t  numbers of sca les  belonging t o  t ha t  age group ava i lab le  f o r  
ana lys i s .  

The temporal change in the stock composition of the  1.3 and 2.3 age groups 
was very s imi la r  (Figure 6 ) .  For the 1.3 age group, (Table 2)  the  smoothed 
es t imates  of t he  proportion of the  Black Lake stock present  were g r ea t e r  than 
80% throughout June. The estimated proportional contr ibut ion of the  Chignik 
Lake stock did not begin t o  increase  un t i l  e a r l y  Ju ly  f o r  the  1 .3  age group 
and the sample on 24 Ju ly  had the l a rge s t  proportion estimated f o r  the  Chignik 
Lake stock (0.588). For t he  2.3 age group (Table 3 ) ,  the smoothed est imates 
of the proportion of C h i g n i k  Lake stock in the  run increased from 0.284 on 5 
June t o  0.672 f o r  the  l a s t  sample on 24 Ju ly .  For both age groups, the  maj- 
o r i t y  of the  run was est imated t o  belong t o  the  Black Lake stock un t i l  mid- 
July .  I t  i s  assumed t h a t  a l l  sockeye salmon in the  catch o r  escapement a f t e r  
30 Ju ly  belonged t o  the Chignik Lake stock.  

Catch and Escapement by Stock 

The r e s u l t s  of a l l oca t i ng  t he  da i l y  sockeye salmon catch and escapement using 
the  age-speci f ic  stock composition es t imates  a r e  summarized by age group and 
stock in Table 4.  The Black Lake run was 3,219,016 sockeye salmon consis t ing 
of an escapement of  597,712 f i s h  and catch of 2,621,304 f i s h .  This was the  
l a r g e s t  sockeye salmon run t o  Black Lake s ince  the  h i s t o r i c a l  record of more 
than 3.7 mil l ion in  1947. Approximately 83% of t he  Black Lake r u n  was assigned 
t o  the  1.3 age group. The 2.3 age group was the next most abundant age group 
and representd about 9% of the  Black Lake r u n .  

The Chignik Lake run was 773,859 f i s h  (Table 4 ) .  The escapement t o  Chignik 
Lake spawning areas  was 268,496 f i s h  and t he r e  were 505,373 f i s h  of Chignik 
Lake o r ig in  in  the catch.  Fish aged 1.3 (45.4%) and 2.3 (44.8%) were nearly 
equally abundant in the Chignik Lake r u n .  No other  age c lass  contributed 
more than 5% t o  the  run. 

The da i l y  escapement, ca tch,  t o t a l  da i l y  abundance, and migratory timing 
s t a t i s t i c s  f o r  the  sockeye salmon r u n  t o  Black Lake and t o  Chignik Lake a r e  
presented in Tables 5 and 6 ,  respect ively .  The mean date f o r  the  Black Lake 
run was 18 June and f o r  the Chignik Lake run 16 Ju ly .  The t o t a l  da i l y  abun- 
dance by stock i s  shown in Figure 7.  



Table 1 .  C l a s s i f i c a t i o n  matrices f o r  ages 1.3 and 2.3 sockeye salmon. 

Agr 1.3 

Actual Stock Sample 
of Origin Size 

Claeeified Stock of Oriain 
Black Lake Chignik Lake 

Black Lakm 
Chignik Lake 

Mean classification accuracy = 0.843 

Agr 2.3 

Actual Stock Sample Classified Stock of Orisin 
of Origin Size Black Lake Chignik Lake 

Black Lake 117 
Chignik Lake 207 

Haan classification accuracy = 0.818 



Table 2.  S tock  composi t ion e s t i m a t e s  from t h e  a n a l y s i s  of  s c a l e  p a t t e r n s  o f  
t h e  1 .3  age group. 

Saiple Sample Original Standard Smoothed Standard 
Date Size Stock Eat inate Error1 Eat irate Error 

Black Lake 
Chignfk Lake 

Black Lake 
Chignik Laka 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Laka 

Black Lake 
Chignik Lake 

Standard e r r o r  i s  t h e  same f o r  both p ropor t i ons .  
2 The f i r s t  two e s t i m a t e s  a r e  smoothed wi th  t h e  assumption t h a t  t h e  f i r s t  

f i s h  counted a t  the weir a r e  e n t i r e l y  Black Lake s tock  ( a  p ropor t i on  o f  
1 .00 Black Lake s tock  and 0.0 v a r i a n c e  a r e  assumed).  

The l a s t  two e s t i m a t e s  a r e  smoothed w i t h  the assumption t h a t  a l l  f i s h  
a f t e r  30 J u l y  a r e  e n t i r e l y  Chignik Lake s t o c k  ( a  propor t ion  of 1 .00  
Chignik Lake s t o c k  and 0 .0  v a r i a n c e  a r e  assumed).  



Table 3. Stock composition e s t i m a t e s  from t h e  a n a l y s i s  of s c a l e  p a t t e r n s  
of t h e  2.3 age  group. 

Sampla Sample Original Standard Smoothed Standard 
Date Size Stock Estimatm ~rrorl Estimate Error 

6/202 45 Black Laka 
Chignik Lake 

6/25 59 Black Lake 
Chignik Lake 

7/ 5 99 Black Lake 
Chignik Laka 

7/12 98 Black Lake 
Chignik Lake 

7 / 19 101 Black Laka 
Chignik Lake 

7/24 105 Black Lake 
Chignik Lake 

Standard e r r o r  i s  t h e  same f o r  both p ropor t ions .  
2 There were i n s u f f i c i e n t  numbers of t h e  2 . 3  age group p r i o r  t o  20 June 

f o r  a n a l y s i s .  
The l a s t  two e s t i m a t e s  a r e  smoothed w i t h  t h e  assumption t h a t  a l l  f i s h  
a f t e r  30 J u l y  a r e  e n t i r e l y  Chignik Lake s tock  ( a  p ropor t ion  o f  1 .OO 
Chignik Lake s tock  and 0.0 va r i ance  a r e  assumed). 



0 Age 1.3 

A Age 2 . 3  

Date 

F i g u r e  6 .  D a i l y  s t o c k  compos i t i on  d u r i n g  t h e  p e r i o d  o f  t r a n s i t i o n  f o r  t h e  
a g e - s p e c i f i c  s t o c k  compos i t i on  es t ima tes  smoothed by a  moving 
average of  t h r e e  sample da tes .  



Tab le  4. The escapement, catch,  and t o t a l  r e t u r n  by  age group and s t o c k  es t ima ted  by  a n a l y s i s  o f  s c a l e  
p a t t e r n s .  

A!#. Group1 
Component 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 M)rr T o t a l  

Black Lak. 

Catch 
x 

St. Error 

I 
A 

cn 
I Chlgnlk Lake 

Catch 
x 

St. Error 

Total 
X 

The s tock  compos i t i on  of ages o t h e r  t han  1.3 and 2.3 es t ima ted  by averag ing  t h e  compos i t i on  o f  these  
ages. 



Table 5. Daily and cumulative r e t u r n  of sockeye salmon t o  Black Lake (ad jus t ed  
t o  Chigni k Lagoon d a t e ) .  

- - 

Number8 of Fimh 
Date Escapement Catch Total Cunulative Cumulative 

Return Proportion 

-Conti nued- 

-1 7- 



Table 5. Dai ly and cumulat ive r e t u r n  of  sockeye salmon t o  Black Lake ( a d j u s t e d  
t o  Chigni  k Lagoon d a t e )  - cont inued .  

Nunbers of Fiah 
Data Escapement Catch Total Cumulative Cumulative 

Return Proportion 

Total Hean Day June 18 
Variance 109.1 



Table 6.  Dai ly  and cumulat ive r e t u r n  of sockeye salmon t o  Chignik Lake 
( a d j u s t e d  t o  C h i  gni k Lagoon d a t e ) .  

Nunberm of Fish 
Date Escape~ant Catch Total Cunulative Cunulative 

Return Proportion 



Table 6.  Daily and cumulat ive r e t u r n  of sockeye salmon t o  Chigni k Lake 
( a d j u s t e d  t o  Chignik Lagoon d a t e )  - continued.  

Numbers of Fish 
Date Escapment Catch Total Cunulative Cumulative 

Return Proportion 



Table 6. D a i l y  and cumula t ive  r e t u r n  of  sockeye salmon t o  Chignik  Lake 
(ad jus ted  t o  Ch ign ik  Lagoon date)  - cont inued.  

Nuabars of Fish 
Data Eacspement Catch Total Cumulstive CuauPative 

Return Proportion 

Tota 1 505,363 773,859 Mean Day July 16 
Variance 695.9 





DISCUSS ION 

The temporal change in stock composition, a s  estimated by analys is  of the 
s ca l e  pat terns  of the  1 .3  and 2.3 age groups, was very d i f f e r e n t  than those 
estimated f o r  the Chignik sockeye salmon runs f o r  the  years  1978 t o  1983 
(Figure 8 ) .  In 1984, f i s h  of Black Lake o r ig in  were more abundant than f i s h  
of Chignik Lake o r i g in  in the t o t a l  da i l y  run un t i l  21 Ju ly .  Previously, the  
l a t e s t  da te  which the  change from a majori ty of Black Lake stock t o  a major i ty  
of Chignik Lake stock in the da i l y  run had occurred was 7 July .  The l a t e  da te  
of change in  dominance of the  stocks i n  1984 was due t o  the numerical super- 
i o r i t y  of the  Black Lake s tock ,  which was more than four  times a s  abundant a s  
the Chignik Lake stock.  Although only 13% of the  Black Lake r u n  occurred 
between 3 July and 31 Ju ly ,  t h i s  small f r a c t i on  of the Black Lake stock s t i l l  
accounted f o r  the  majori ty of the  f i s h  in the t o t a l  da i l y  r u n  un t i l  21 July .  

In the  previous analyses of scale  pa t t e rns  of t he  Chignik sockeye salmon r u n ,  
the unadjusted age-speci f ic  stock composition est imates (before smoothing) of 
the  proportion of Chignik Lake stock in samples col lec ted a f t e r  15 Ju ly  ranged 
from about 0.70 t o  1.00. In 1984, t h e  unadjusted estimated of the  proportion 
of Chignik Lake stock in the  samples co l l ec ted  on 19 and 24 Ju ly  ranged from 
0.33 t o  0.59 (Tables 2 and 3 ) .  These a r e  much smaller es t imates  f o r  the pro- 
port ion of Chignik Lake stock than a r e  t yp i ca l l y  seen for l a t e  July  samples. 
These low es t imates  may ind ica te  t h a t  the assumption t h a t  a l l  f i s h  a f t e r  30 
July  a r e  of Chignik Lake o r i g in  may be in e r r o r .  I t  was necessary t o  make 
t h i s  assumption f o r  the sca le  pa t t e rn  ana lys i s  t o  achieve adequate sample 
s i z e s  f o r  the  Chignik Lake standards.  The numbers of  Black Lake stock in 
l a t e  Ju ly  and ea r l y  August may be underestimated i f  t h i s  assumption was vio- 
l a ted .  However, because of the  r e l a t i v e l y  small numbers of f i s h  i n  t he  r u n  
a f t e r  30 July  (only 6% of the  t o t a l  Chignik sockeye salmon r u n  occurred be- 
tween 31 Ju ly  and 30 September), we fee l  t h i s  was not a major source of e r r o r .  
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APPENDICES 



Appendix Table 1. D a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  run  i n  1984, ad jus ted  t o  Chignik  
Lagoon date. 

Date Escapement Chignik Hook Bay/ Aniakchak Eaatern Cepe Weatern Petryville Daily 
Lagoon Kujulik District lgvak District District Total 



Appendix Tab le  1. D a i l y  sockeye salmon escapement, c a t c h  by area, and t o t a l  r u n  i n  1984, a d j u s t e d  t o  Ch ign ik  
Lagoon da te  ( c o n t i  nued) . 

Date Escapement Chignik Hook Bey/ Aniakchak Eaatern Cape Weatern Perryville Daily 
Lagoon Kujulik Di atrict Igvak District District Total 



Appendix Table 1. D a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  i n  1984, ad jus ted  t o  Chignik  
Lagoon date  (cont inued)  . 

Date Escapement Chignik Hook Bay/ Aniakchak Eaatarn Cape Waatarn Parryville Dail y 
Lagoon Kujulik Dlatrict Igvak Diatrict Diatrlct Total 



Appendix Table 1. D a i l y  sockeye salmon escapement, ca t ch  by area, and t o t a l  r u n  i n  1984, ad jus ted  t o  Chignik  
Lagoon da te  (con t inued) .  

Date Escapement Chlgnlk Hook Bay/ Anlakchak Eaatern Cape Weatern Perryville Dally 
Lagoon Ku julik Dlatrict Igvak District Dlatrlct Total 





Appendix Table 2. Age composit ion of sockeye salmon sca le  samples c o l l e c t e d  i n  Chignik Lagoon, 1984. 

Sample Samplm Percent Coapomition by Age Group 
Data Size 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Other 



Appendix Table 3. A l l o c a t i o n  by age group o f  t h e  Chignik  sockeye salmon es t imated  d a i l y  escapement, 1984. 

Age Group 
Date 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Other Total 

-Cont i  nued- 



Appendix Table 3. A l l o c a t i o n  by age group of the Chignik  sockeye salmon est imated d a i l y  escapement, 1984 
( c o n t i  nued) . 

Ago Group 
Date 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Other Total 

5,062 76 6 
3,803 54 0 
8,473 11 1 0 

41,222 4% 0 
39,248 4 28 0 
14,117 138 0 
3,526 30 0 
1,185 14 0 
1,354 20 0 
1,299 23 0 
3,944 84 0 

17,322 4 35 0 
14,379 421 0 
11,684 394 0 
12,186 471 0 
2,360 101 0 
1,537 78 0 
1,006 58 1 
2,369 157 3 
5,813 446 11 
8,114 718 23 
7,111 727 27 
8,987 1,067 45 
9,536 1,323 62 
7,813 962 51 
1,032 112 7 
1,107 106 7 
5,3% 455 37 
8,799 646 6 1 
6,080 386 43 

-Conti  nued- 



Appendix Table 3. A l l o c a t i o n  by age group o f  t he  Chignik  sockeye salmon est imated d a i l y  escapement, 1984 
(cont inued)  . 

Age Group 
Data 1 .1  0.3 1.2 2 .1  1.3 2.2 1.4 2.3 3.2 2.4 3.3 Othor Tota l  





Appendix Table 3. A l l o c a t i o n  by age group o f  t he  Chignik  sockeye salmon est imated d a i l y  escapement, 1984 
(cont inued)  . 

Ago Group 
Dsto 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Other Total 

Total 795 14.9% 20,352 3.375 924.447 26,487 1,029 270,709 248 2,330 1,118 322 866,208 
3. E.2 140 952. 978 223 2,225 874 143 1,830 30 236 152 94 

Weir removed on 5 August. 
2 Standard e r r o r s  do n o t  i nc lude  the  var iance assoc ia ted  w i t h  the  escapement est imates.  
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Appendix Table 4. A l l o c a t i o n  by age group of t he  Chignik sockeye salmon d a i l y  catch, 1984. Inc ludes 
ca tch  from a l l  areas ad jus ted t o  Chignik Lagoon date  (cont inued).  

Ago Croup 
Data 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Othor Total 
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Age Group 
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Appendix Table 4. A l l o c a t i o n  by age group o f  t he  Chignik  sockeye salmon d a i l y  catch,  1984. Inc ludes  
ca tch  from a l l  areas ad jus ted  t o  Chignik  Lagoon date  (cont inued) .  

Ago Group 
Date 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Other . Total 

T o t a l  1,041 96,186 79,856 5.165 2.503,385 56,405 5,407 373,375 362 3.128 1,250 1.107 3,126,667 
S. E. 192 4,219 3,723 339 7 . 304 2,649 978 4,365 57 501 213 324 



Appendix Tab le  5. Age compos i t ion  o f  sockeye salmon s c a l e  samples c o l l e c t e d  
a t  t h e  o u t l e t  of B lack  Lake, 1984. 

Sample Sample P e r c e n t  Composition by Age Claea 
Date(=> Size 0.2 0.3 1.2 2.1 1.3 2.2 2.3 



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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